ease; or food. A total of 162 strains belonged to EPEC serogroups 026,044,055,086, Olll, 0119,0125,0126, 0127, 0128, and 0142 [7] and were mainly outbreak isolates. Nine strains had been characterized as ETEC by Y-l adrenal cell assay (for LT) or infant mouse assay (for ST), and 10 strains were characterized as EIEC by the Sereny test. Nineteen strains belonged to serotype 0157:H7 and were EHEC. A total of 214 strains did not belong to EPEC serogroups, were not ETEC or EIEC, were not EHEC 0157:H7, had no serological data available (strains isolated from healthy humans), or had not been assayed for enterotoxins and invasiveness. Four substrains of E. coli K12 (C600, 395-1, HB101, and K175) were also examined for production of Shiga-like toxin. Strains were stored at -70 C or lyophilized.
Preparation of bacterial lysates. The strains were cultured in 500 ml of Chelex-treated syncase broth as previously described [2] . The bacteria were harvested by centrifugation [2] , and an aliquot of the culture supernatants was collected, filter-sterilized, and stored at -20 C. The bacterial cells were then washed twice in 0.85^o NaCl and resuspended in a volume of PBS (pH 7.4) equivalent to their wet weight. Samples (3 ml) of the bacterial suspensions were mixed with 2 ml of PBS and sonicated as previously described [8] . The sonic lysates were clarified by centrifugation (8,000 g for 1 hr at 4 C), filter-sterilized, and stored at -20 C. The protein content of the bacterial lysates was estimated spectrophotometrically [9] .
Cytotoxicity assays and toxin neutralization tests. Cytotoxicity assays were performed with HeLa cells by the method of Gentry and Dalrymple [10] . Serial twofold dilutions (1:2 to 1 ' .64) of culture supernatants or sonic lysates were tested, and the cytotoxic dose required to kill 50^0 of HeLa cells (CD5o) was estimated by microscopic examination of the HeLa cells. If ^O^o of the HeLa cells were killed at a K64 dilution of a sample, 10-fold serial dilutions of this sample were tested. Cytotoxic titers were expressed as the reciprocal of the CDso/milliliter of culture supernatant or sonic lysate and as per milligram of sonic lysate protein.
Initially, neutralization assays were done on sonic lysates that had been previously frozen and thawed. However, this procedure eliminated the low-level activity of some lysates. When this problem became apparent, neutralization assays were accomplished at the same time as the cytotoxicity assays by mixing serial dilutions of the lysates with a final 1:100 dilution of rabbit antibody to Shiga toxin or preimmune rabbit serum. The remaining steps were performed as described [2] . Neutralization assays were also done on 10-fold serial dilutions of cytotoxic culture supernatants. The neutralizing titer of the rabbit antibody to Shiga toxin for 10 CD50 of S. dysenteriae 1 strain 60R and E. coli strain H30 preparations was 1:1,600.
Results
Levels ofcytotoxin produced by E. coli. By comparing the cytotoxic titers of lysates expressed as CDso/ml and CDso/mg of protein, we found that more reproducible results were obtained for some strains with the CDso/ml parameter. Therefore, the results were based on CDso/ml of sonic lysate, and the detectable levels of cell-associated cytotoxin were defined as follows: low (2 x 10^6 x 102 CDs0), moderate (lOMO4 CDso), or high (lOMO8 CD5o). Nontoxic strains and low-level cytotoxin producers. As shown in table 1, 107 strains (26^0) had no detectable activity, and 262 strains (6397o) had low levels of cytotoxin in the sonic lysates. Culture supernatants of nontoxic strains and low-level cytotoxin producers had no detectable activity. Low-level cytotoxin producers isolated from humans with hemorrhagic colitis belonged to serotypes 06:H1, 017:H1, 075:H1, 083:H1, OllLNM, O nontypable (NT):NM, and O NT:H NT. Strains isolated from piglets belonged to serogroups 0139 and 0141.
Sonic lysates from only 125 of the 262 low-level cytotoxin producers retained HeLa cell activity in the neutralization assays, and 50 had this activity neutralized by antibody to Shiga toxin, including the following: lysates from 18 strains belonging to EPEC serogroups isolated from humans with diarrhea, three ETEC strains, five EI EC strains, six other strains isolated from humans with diarrhea, three strains isolated from humans with hemorrhagic colitis (serotypes 083:H1, OllLNM, O NT:H NT), 12 strains isolated from healthy humans, and three substrains oiE. coli K12.
Nine strains that were isolated from healthy individuals and that had either no detectable activity or low levels of a nonneutralizable cytotoxin in sonic lysates were retested by the French pressure method of lysis [2] . Although quite cumbersome, this method of bacterial lysis was more efficient than sonication: 95^0 of bacterial cells were killed by the French pressure method, whereas only 70970 of cells were killed by sonication. All nine strains showed cytotoxic activity in the French pressure lysates, and one strain did not have this activity neutralized by antibody to Shiga toxin. In general, cytotoxic titers were slightly higher in French pressure lysates than in sonic lysates.
Moderate-level cytotoxin producers. A total of 10 strains (2^0), isolated from humans or calves with disease, produced moderate levels of a cell-associated cytotoxin (tables 1 and 2). All strains had equal or 10-fold less CDso/ml of culture supernatant than per ml of sonic lysate. Cytotoxic activity in sonic lysates and culture supernatants of these strains was not neutralized by antibody to Shiga toxin. The strains isolated from calves had been previously reported as producers of a cytotoxin neutralized by antibody to Shiga toxin [11] .
High-level cytotoxin producers. A total of 39 strains (9^0) produced high levels of cell-associated cytotoxin, and 
Discussion
All strains of E. coli may make at least small amounts of cell-associated cytotoxin, since some strains with no detectable activity in sonic lysates showed cytotoxicity in lysates prepared by the French pressure method. However, the low-level cytotoxicity of some strains was not neutralized by antibody to Shiga toxin. Some strains produced one type of cytotoxin (moderate-and high-level producers), and some strains produced two types of cytotoxin (highlevel producers). All strains of E. coli 0157:H7 produced elevated levels (moderate or high) of cytotoxin(s). Cell-associated cytotoxicity not neutrahzable by antibody to Shiga toxin has been reported [2, 4] . Konowalchuk et al. [12] reported that the extracellular cytotoxin of one strain of E. coli isolated from an infant with diarrhea (serogroup 0128) and one strain isolated from a suckling pig with diarrhea (serogroup 0138) was antigenically different from the cytotoxin of E. coli strain H30. Smith et al. [13] also detected antigenic variants of "Vero cytotoxin" produced by strains isolated from pigs, and Scotland et al. [14] reported antigenic variation of extracellular cytotoxin from strains of E. coli 0157.
Recent studies m our laboratory have shown that EHEC strain 933 produces two cytotoxins that are antigenically distinct but have the same biologic activities and similar genetic determinants as those of Shiga toxin. Antiserum to a crude preparation of the antigenic variant of Shigalike toxin neutralized the cytotoxicity of all 10 moderate- Elevated levels of cytotoxin(s) were found almost exclusively (48 of 49) in strains of E. coli isolated from cases of diarrhea, hemorrhagic colitis or hemolytic uremic syndrome, and food implicated in an outbreak of hemorrhagic colitis. This finding suggests that cytotoxin(s) produced at elevated levels play a role in the pathogenesis of such diseases. All strains isolated from patients with hemolytic uremic syndrome have previously been described as "Vero cytotoxin" producers [15] . Karmali et al. [15] pointed out the marked similarities between hemorrhagic colitis and the colitis seen early in the hemolytic uremic syndrome and suggested that these diseases belong in a spectrum of clinical manifestations of the same underlying process.
Because strains isolated from humans without illness made cytotoxin at much lower levels than did some strains from sources with disease, cytotoxin may be only a virulence determinant for E. coli when it is produced in large amounts. Small amounts of cytotoxin, however, could damage host cells if delivered by strains off. coli that adhere avidly to or that invade intestinal epithelial cells. It should also be emphasized that the amount of cytotoxin produced in vitro may not correlate with the amount produced in vivo.
